Previous work has demonstrated that ascorbic acid, which has been added to defibrinated blood, is taken up by the cells (1). The advantages offered by the method of Mindlin and Butler (2) have made it possible to investigate the factors which influence the passage of ascorbic acid into the cells. This paper deals with the effect of time, temperature and oxygen.
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METHODS
Ascorbi acid in serum was determined by the method of Mindlin and Butler (2) with the following modifications.
(1) Neither potassium oxalate nor potassium cyanide was used. An anticoagulant was not necessary because the blood was defibrinated by stirring with a glass rod. The possible erroneous influence of added KCN has been demonstrated by other observers (3, 4, 5) , as well as in this laboratory. Furthermore, addition of oxalate, cyanide or any other salt seemed undesirable, since changes in cell volume had to be avoided.
(2) The strength of the metaphosphoric acid solution is of great significance for the reliability of the colorimetric method. With ascorbic acid a stable color develops; other reducing substances cause progressive fading of the indicator. Mindlin and Butler pointed out, and our own observations agree that, with solutions of pure ascorbic acid, the stability of the reduction of the dye depends on the pH of the final mixture of equal volumes of buffered dye and metaphosphoric acid. The dye solution invariably gave the desired pH of 7.0 when made according to the directions given by the aforementioned authors. Metaphosphoriic acid solutions, however, made up by weight from three different brands, varied widely in strength and were all weaker than theory demanded. Since it is known that metaphosphoric acid is partially converted to the ortho form on standing, the strength of a solution can be adjusted only by standardization. The metaphosphoric acid was, therefore, titrated with 0.1 N sodium hydroxide, using phenolphthalein as an indicator. Ascorbic acid in whole blood was determined by the method of Emmerie and van Eekelen (6), as previously described (1). In a few instances, for purposes of comparison, ascorbic acid in serum was also measured by this method.
Blood cell volumes were measured by the hematocrit method described by Eisenman, Mackenzie and Peters (7) .
EXPERIMENTAL RESULTS
Crystalline ascorbic acid was added to human blood which had been defibrinated with a glass rod. In order to avoid hemolysis and changes of cell volume, it was not introduced directly into the whole blood but was first dissolved in a portion of the serum. (It was demonstrated by innumerable controls that the cell volume was not al- 2A though the Evelyn colorimeter in use in this laboratory has no 8 cc. aperture, it was found that satisfactory readings were obtained when the 10 cc. aperture was used.
tered by any of the experimental procedures employed in this investigation.) The defibrinated blood was then divided into two parts. From one the serum was separated at once and analyzed for ascorbic acid. The remainder of the serum, which will be spoken. of as " separated serum," and the remaining portion of whole blood were then placed in stoppered Erlenmeyer flasks and kept at the same temperature. Samples of the blood, removed at intervals, were centrifuged, and the sera thus secured were analyzed for ascorbic acid. These sera will be referred to as " true serum "-that is, serum which has been in contact with the blood cells up to the moment of analysis. Portions of the separated serum were analyzed at the same intervals. This permitted a comparison of the behavior of serum with and without contact with the blood cells.
Ten studies were conducted at refrigerator temperature (approximately 70) under atmospheres of both air and nitrogen, with and without shak- ing, duplicating in every respect except temperature the experiments to be described below. In none was any decrease of ascorbic acid concentration detected in either true or separated serum.
It has already been shown and new evidence is presented that, when whole blood is allowed to stand at room temperature in contact with air, no loss of ascorbic acid can be demonstrated, even after several hours (1). When blood was kept at 370 C., slight losses occurred. Appreciable losses, however, were observed at this temperature when the blood was agitated continuously. It was found that if the blood was kept under an atmosphere of nitrogen these losses were entirely prevented. Observations on the stability of ascorbic acid added to defibrinated blood under these various conditions are shown in Table I Blood and serum were kept exposed to air at 370 C. It was consistently found that both the separated and the true serum lost ascorbic acid progressively, but that the loss from the separated serum was always less than that from the tnre serum. To determine if these losses could be due to conversion of ascorbic acid to the reversibly oxidized form which cannot be detected by the method applied, simultaneous analyses were made employing H2S according to the method of Emmerie and van Eekelen. From these comparisons it appeared that the losses in both separated and true sera were real ones. Experiments number 3, 4, and 5 of Table I show that ascorbic acid is protected in whole blood to some extent. The losses observed in whole blood during the first 3 hours can in no way account for the far greater decrease in ascorbic acid concentration taking place in true serum during the same period. These experiments, therefore, indicate that ascorbic acid has entered the cells. Neither by extending these experiments over periods as long as 9 hours nor by determining the ascorbic acid content in both sera at intervals as short as 15 minutes was any additional information obtained. The protection against loss of ascorbic acid by an atmosphere of nitrogen, shown before for whole blood, was also observed in solutions of pure ascorbic acid in 1 per cent trichloroacetic acid, which deteriorate rapidly in air. From the data presented in Table II and in Figure 1 B and C, it is evident that ascorbic acid in separated serum is also protected.
While there is no appreciable loss of ascorbic acid from separated serum, the concentration of ascorbic acid in true serum decreases even in an atmosphere of nitrogen.
The effect of an atmosphere of nitrogen on the experimental results is twofold: (1) it stabilizes ascorbic acid in separated serum, (2) the decrease in ascorbic acid concentration in true serum, which was progressive under air, is self-terminative.
The rate of entrance of ascorbic acid into the blood cells, irregular in the observations thus far presented, was considerably enhanced by continuously shaking the blood. This agitation was effected in the incubator by placing the flasks on a rack oscillated so gently by a windshield wiper motor that the cells were never mechanically damaged. In order to avoid temperature changes,8 which were found to cause fluctuations in the curves in the beginning of this investigation, the nitrogen was led into the incubator and was washed by passing through a bottle of distilled water. From this wash bottle the gas was conducted through a manifold to a series of smaller wash bottles, each of which was directly connected with a 25 cc. Erlenmeyer flask containing 2 cc. of blood or serum. By means of control screws the pressure of nitrogen reaching the surface of the fluid in each flask could be kept approximately equal. During the first 15 minutes the pressure was kept relatively high. It was then partially reduced for the remainder of the experiment.
In Figure 1 , B and C, is presented evidence of the influence of shaking on the rate of disappearance of ascorbic acid from true serum. Figure 1 , C, representative of 5 such experiments, shows that the passage of ascorbic acid into the cells is self-terminative, ceasing within 30 minutes.
DISCUSSION
At 370 C., in all the experiments presented, the concentration of ascorbic acid, added to whole blood, decreases in serum which is kept in contact with cells (true serum). These losses in true serum are not due to reversible oxidation but must be attributed to passage of ascorbic acid from the serum to the cells. This entrance of ascorbic acid into the blood cells occurs also in an, of nitrogen, in which deterioration c acid is prevented in whole blood as well rated serum, at 370 C., even when ti continuously shaken.
The fact that the transfer of ascorb tablished at 370 C., is entirely prevente whether the blood is exposed to air o suggests its association with some me tivity or chemical reaction rather than fusion. In this respect it is analog( transfers of phosphate which were i by Halpern (8 The experiments under air leave no doubt that ascorbic acid enters the blood cells. In the 5 exkic acid, es-periments under nitrogen, of which Figure 1 , C, is -d at 70 C., typical, and in which the concentrations of ascorbic ir nitrogen, acid in serum were raised to between 100 and 120 !tabolic ac-mgm. per liter, the decrease in true serum varied simple dif-from 11.3 to 19.2 per cent of the initial concentraous to the tion. In 3 of these experiments, for which blood nvestigated of the same person was used, the decrease varied from 11. 
